A study is made of the articulation and base of hindwings of Scarabaeidae. The survey is based on an examination of over 150 genera from sixteen scarabaeid subfamilies and taxa of uncertain phylogenetic status. Relationships among all subfamilies of Scarabaeidae are examined here for the first time. The constructed phylogeny shows that the scarabaeid lineage (Scarabaeidae) is comprised of two major lines: an aphodiine line (containing Aphodiinae, including Aegialiini, Aulonocnemis and Scarabaeinae), and an orphnine line
Introduction
The Scarabaeidae is the largest of the thirteen families in the Scarabaeoidea and one of the largest and most diverse families of beetles. [The family and subfamily concepts of Scholtz (1990) , Scholtz et al. (1994) and Browne & Scholtz (1995) are followed in this paper]. About 1725 of roughly 2000 described genera (86%), and 90% of the µ 30 000 known scarabaeoid species are found in the Scarabaeidae (Scholtz & Chown, 1995) . The morphological and biological diversity of its members has led to the family being divided into numerous mostly well defined subfamilies and tribes, as well as into several groups of uncertain taxonomic status.
Several recent papers have reviewed, reconsidered or studied scarabaeoid adult and larval characters, commented on phylogenetic trends in the various groups and proposed general ground plans for most studied character suites (see Scholtz, 1990 ; Scholtz et al., 1994; Browne & Scholtz, 1995; Scholtz & Browne, 1996) . In spite of the fact that the superfamily is one of the better studied beetle taxa, it has only recently been subjected to thorough phylogenetic analysis (Browne & Scholtz, 1998) . The Scarabaeidae have not been analysed phylogenetically in any detail.
This paper is a sequel to Browne & Scholtz (1995) , in which the families of the Scarabaeoidea were phylogenetically analysed using the characters of the hindwing articulation, hindwing base and wing venation. The same character suite which was used in that paper at superfamily level is used at family level in this one. We are fully aware of the criticism that could be levelled at phylogenetic studies based on characters from only one or two character suites; however, we are of the opinion that wing characters are the product of a deeply integrated portion of the genotype, and subject to a higher level of developmental canalization than the more conventional types of characters used in phylogenetic studies. They bear a higher, and more accurate, level of phylogenetic information than do conventional characters, and fit the accepted criteria of 'good' or 'high weight' taxonomic characters (as outlined by Mayr & Ashlock, 1991) , whereas many conventional characters do not.
Materials and methods

Nomenclature
Terminology used in this paper was developed by Browne (1993) and published by . Reference is also made particularly to a study of the basal division of the Scarabaeoidea , a study of the evolution of the scarabaeoid wing (Browne & Scholtz, 1995) and a study of the evolution of all available scarabaeoid character suites (Browne & Scholtz, 1998) .
Taxa studied
Hindwings of 153 genera from sixteen scarabaeid subfamilies and taxa of uncertain phylogenetic status were examined (Appendix 1). In addition, another µ 100 genera from the group, united by four derived states of the hindwing articulation and wing base. The melolonthine group is comprised of the melolonthine subgroup (containing Melolonthinae, Acoma, Chnaunanthus, Hopliini and Oncerus, united by two derived states of the hindwing articulation and wing base), and the ruteline subgroup (containing Rutelinae, Dynastinae, Trichiinae, Cetoniinae, Osmoderma and Valginae, which are united by nineteen derived states of the hindwing articulation and wing base). The ruteline subgroup consists of the rutelinedynastine infragroup (containing Rutelinae and Dynastinae, which are united by five derived states of the hindwing articulation and wing base) and the trichiine infragroup (containing Trichiinae, Cetoniinae, Osmoderma and Valginae, which are united by sixteen derived states of the hindwing articulation and wing base).
Convergences
Of 231 character states, only four (1.7%), characters 37, 59-60 and 71 (see below), are hypothesized to have evolved more than once. If the phylogeny were reconstructed to eliminate some of these convergences, others would result which would be more difficult to explain. For example, cetoniines and trichiines resemble each other in the presence of a narrowly digitate first axillary distal arch apex (37:2 ϭ ch. 37, state 2). However, if this state is accepted as evidence of relationship, two derived character states of the first axillary (19:3) and the first basal plate (71:2) which cetoniines share with valgines would have to be accepted as independent derivations. Similarly, members of the ruteline-dynastine infragroup and Osmoderma resemble each other in convexity of the third axillary head (60:1). If this is taken as evidence of relationship, then the sixteen derived character states which Osmoderma shares with other members of the trichiine infragroup would have to be accepted as independently evolved states. A similar case can be made with character 71.
Reversals
We infer that reversals have occurred in the evolution of eight (3.4%) character states: characters 20, 21, 24, 58, 59, 62, 71 and 92. Most of these (ch. 20, 21, 58, 59, 62 and 71) are due to the unusual character state distribution in Osmoderma, currently classified as a member of the Trichiinae. This group displays a combination of highly derived and very primitive character states (see Trichiinae and Osmoderma below), but shares two derived character states with Cetoniinae.
In the primitive state the dorsal margin of FSc2 is flat (24:0). In the derived state this margin is enlarged and broad (24:1). The primitive state is found in members of the aphodiine line and as a reversal in members of the ruteline subgroup. The derived state is found in Orphninae and members of the melolonthine subgroup. To suppose that the character state in members of the ruteline subgroup was ancestral would require multiple evolution of other character states of related taxa, an unacceptable assumption. A similar situation occurs with character 92.
The evolution of the Scarabaeidae
This large cosmopolitan family is united by the following twenty-three apomorphic character states of the wing articulation (Browne & Scholtz, 1995) : 1Ax -head proximal margin reduced, dorsal surface posteriorly reduced, anterior surface narrow, ventral projection long and narrow, distal embayment mesad, neck long; 2Ax -dorso-proximal and dorso-distal margins of dorso-proximal enlarged proximally and distally, antero-median to posterior sections of the dorsoproximal ridge enlarged laterad over dorso-distal ridge, anterior section of dorso-distal ridge basally curved distad, posterior wing process ridge-shaped, enlarged to occupy both the anterior margin of the ventro-proximal lobe to the postero-proximal corner of subalare tendon attachment point, subalare tendon attachment point very short, very broad, and apically deeply and broadly concave, with the base arising from the distal section of 2Ax and extends postero-proximad; 3Ax -distorted, moderately long to very short, tail curved, very short and very broad; 1BP -anterior section of proximal arch of BR reduced by a greatly enlarged br, distal arch of BR large and convex, HP curves postero-dorsad close to, or even over, BScA; 2BP -strongly reduced proximally, proximal arch of BMA strongly orientated antero-proximad and ventrad, BMP convex and very narrow, and the BMP-BCuA brace greatly enlarged, very broad and very convex.
The topology presented in Fig. 2 agrees with that of Browne (1993) , except for the arrangement of Trichiinae, Osmoderma, Cetoniinae and Valginae. Browne (1993) places Osmoderma as the sister group of (Trichiinae ϩ Cetoniinae) ϩ Valginae.
The aphodiine line
The aphodiine line displays the following forty-four apomorphic hindwing articulation and wing base character states: 1Ax -head strikingly reduced posteriorly (1:2), the antero-dorsal margin is orientated distad (3:2), and is reduced and extremely narrow (5:1), the proximal enlargement of the postero-proximal margin is absent (8:1), the anterior surface is strikingly short and narrow (11:1), FSc1 is short to long and broad, strongly convex (13:1), the ventral projection is strongly orientated postero-distad, weakly ventrad and not curved posteriad (17:1), FSc2 is reduced, small, round and partially or completely planate (23:1), the dorsal surface of the head and neck is extended anteriad (25:1), the neck is strikingly narrow (26:1) and strikingly long (28:2), the dorsal surface is orientated strongly distad and ventrad (29:1), the neck and tail articulation with 2Ax is strongly reduced anteriorly (30:1), the proximal arch of the tail is strikingly reduced anteriorly and posteriorly, expanded proximally (32:1), the distal arch is markedly reduced anteriorly and posteriorly but strikingly expanded distally (35:1); 2Ax -the body is extremely short (40:1), the dorso-proximal lobe is orientated postero-proximad (41:1) and enlarged dorsally (42:1), the posterior margin is strikingly enlarged (43:1) and straight (44:1), the posterior section of the dorso-proximal ridge is strikingly enlarged above and laterad over the dorso-distal ridge (47:2), the dorsoproximal and dorso-distal ridge apices are enlarged, very broad (49:1), partially to completely fused (50:1), antero-medially to posteriorly sinuate (51:1), the dorso-distal ridge apex is convex and strikingly narrowly falcate (53:1), the posterior wing process junction shifted posteriad to occupy the posteroproximal section of the lobe and is greatly lengthened anteriorly (55:2), the ventro-proximal ridge lies adjacent to the ventrodistal ridge (56:2); 3Ax -the head is strikingly reduced posteriorly (57:1), the anterior surface is broad, enlarged ventrally and is concave (61:1); 1BP -the proximal arch of BR is strikingly broad, deltoid, with proximal (66:1) and distal (67:1) extensions, the embayment is extremely narrow (69:1), the dorsal surface of BScA is slenderly ovoid and very convex (72:1), the apex is broadly spatulate, strongly curved ventrad beneath the postero-proximal margin of the ScA bulge (74:1); 2BP -very narrowly scaphoid (76:1), BMA is completely fused to BMP antero-distal section (77:1), the BMA-BMP junction is continuous and narrowly tubular (79:1), BMPBCuA brace fused to form a narrow looping tube (80:2) the postero-distal section is reduced (81:1), the BMP-brace junction is broadly continuous (82:1), the BMP-BCuA brace is moderately shifted distad (84:1), the terminus is strongly shifted distad to fuse with the distal margin of BCuA (88:1), BCuA is orientated antero-distad (90:1) and moderately shifted anteriad to occupy the postero-distal section of 2 bp (91:1).
The aphodiine group
Members of the aphodiine group, Aegialiini, Aphodiinae and Aulonocnemis, are united by eight derived states of the hindwing articulation and wing base (see Aphodiinae below). No difference between the wings of these three taxa was found, therefore the two representatives of Aulonocnemis examined for this study, Aulonocnemis crassecostata and A. vulgaris, should be treated as aphodiines (see Aphodiinae below).
The scarabaeine group
Members of the scarabaeine group, those taxa traditionally included in the Scarabaeinae, are united by twelve derived states of the hindwing articulation and wing base.
The orphnine line
The orphnine line displays the following twenty-two apomorphic character states of the hindwing articulation and wing base: 1Ax -the postero-proximal margin of the head is enlarged (7:1), the anterior surface is long (10:1), the ventral projection is long and narrow, enlarged mesally, the base is narrow and the apex broader (14:2) and flared (15:1), the ventral projection is orientated ventrad and posteriad (16:1), and partially to completely convex (19:1), the distal embayment is orientated more ventrad (22:2), the dorsal margin of FSc2 is enlarged dorsally and is broad (24:1); 2Ax -the anterior margin of the dorso-distal lobe is reduced (45:1), the dorsodistal margin of the anterior section of the dorso-distal ridge is exposed (46:1), the posterior section is broadly curved postero-proximad (48:1), the apex is convex to planate, strikingly elongate and aciculate (52:1), the anterior section is straight and anteriad (54:2); 3Ax -the tail is curved posterodistad (65:1); 1BP -the distal arch of BR is orientated postero- 0  5 2  0  0  0  0  0  1  1  1  1  1  1  2  2  3  3  3  3  5 3  0  1  1  1  1  0  0  0  0  0  0  0  0  0  0  0  0  5 4  0  1  1  1  1  2  2  2  2  2  2  2  2  2  2  2  2  5 5  0  2  2  2  2  1  1  1  1 0  1  1  1  1  2  2  2  2  2  2  2  2  2  2  2  2  8 4  0  2 
The orphnine group
The orphnine group only contains Orphninae. This subfamily does not display any derived states of the hindwing articulation or wing base, but is instead characterized by a large number of plesiotypic character states.
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The melolonthine group
This group contains the bulk of the Scarabaeidae taxa and is united by the following four derived states of the hindwing articulation and wing base: 1Ax -the FSc2 base is enlarged (9:1), the ventral projection concavity is shifted mesad of the preapical area (20:1); 2Ax -the body is slender and strikingly elongate (39:1); and 1BP -the postero-distal section of the proximal arch of BR is truncate (68:1).
The melolonthine subgroup
The melolonthine subgroup contains all those taxa traditionally placed in Melolonthinae, as well as Acoma, Table 1 ). The tree shown here is the consensus tree of the two alternative trees produced by phylogenetic analysis; the first with the same topology as shown here, and the second with Orphninae as the sister group of the melolonthine subgroup, indicated by the dotted line. Solid boxes represent apotypic character states. Large numbers refer to branch points and smaller numbers refer to characters given in text (see Results and discussion). Characters which unite the Scarabaeidae (*) are given in Browne & Scholtz (1995) .
'Chasmatopterinae', 'Hopliinae' and 'Oncerinae'. No differences between the hindwing articulation of wing base of these taxa were found and it is likely that Acoma, the monotypic subfamilies 'Chasmatopterinae' (as Chnauanathus) and 'Oncerinae' (as Oncerus), and 'Hopliinae' (as Hopliini) should be included within Melolonthinae. This subfamily displays only two derived states of the hindwing articulation and wing base (see Melolonthinae below).
The ruteline subgroup
This subgroup is united by the following nineteen derived states of the hindwing articulation and wing base: 1Ax -antero-dorsal margin of the head strikingly orientated posterodistad (2:1) and very broad (4:1), proximal enlargement of the postero-proximal margin of the head strongly enlarged (7:2), base of FSc2 moderately to very strongly enlarged (9:2), ventral projection orientated both ventrad and posteriad (16:2 
The trichiine infragroup
The trichiine infragroup is united by the following sixteen derived states of the hindwing articulation and wing base: 1Ax -ventral projection basally, medially and apically of equal width (15:2), a convexity occurs from the base to the terminus which is strongly shifted dorso-mesad past the base of the ventral projection far onto the anterior surface of the head (20:4) with the apical ridge reduced (21:3), neck strikingly broad (27:1), tail proximal arch strongly expanded (31:2), dorsal surface of the proximal arch very deeply concave (33:2), distal arch apex moderately narrowly digitate (37:1); 2Ax -dorso-distal ridge apex completely planate, slender, strikingly elongate and aciculate (52:3); 3Ax -proximal margin of the head strikingly deeply concave (58:3), antero-dorsal margin strikingly deeply concave (59:2), head strikingly bi-lobed, embayment strong (62:2), FCu strikingly reduced distally (63:1), FCu-neck junction extremely narrow (64:1); 1BP -BScA proximal section of BScA much larger than the distal section (73:1); 2BP -posterior section of the BMP-BCuA brace enlarged (87:1) and the concavity on the anterior surface of BCuA is extremely broad (92:2) .
Relationships between Trichiinae, Cetoniinae and Valginae are complex. Osmoderma, a very primitive trichiine genus (E. Holm, personal communication), is unusual in that it displays a unique mixture of primitive and derived character states that occur in different combinations in Rutelinae and Dynastinae, Trichiinae, Cetoniinae and Valginae. This analysis indicates that Osmoderma is the sister group of the Cetoniinae. The remaining trichiine species form the sister group of Valginae ϩ Cetoniinae (including Osmoderma). Osmoderma shares two derived states of the hindwing articulation with Cetoniinae. It is likely that the former is a member of the latter (see Cetoniinae below). Valginae is a well defined subfamily, both in terms of wing and non-wing characters, and this analysis indicates it is the sister group of Cetoniinae ϩ Osmoderma (see Valginae below).
The Scarabaeidae
Aegialiini
Aegialiini is a small, poorly defined tribe, but there is little doubt that it is one of the more primitive scarabaeid tribes (d 'Hotman & Scholtz, 1990a; Nel & Scholtz, 1990; Scholtz, 1990) . The diagnosis for this subfamily is virtually the same as that given for Aphodiinae (see below).
Although aegialiines do not exhibit any autapomorphic hindwing articulation or wing base characters, they do share eight derived character states of the wing articulation with Aulonocnemis and Aphodiinae, which together form a monophyletic group (see Aphodiinae below). It is likely that these three taxa together form Aphodiinae, as has been implied by other workers (Koshantschikov, 1913; Stebnicka, 1985;  d 'Hotman & Scholtz, 1990a; Nel & Scholtz, 1990; Scholtz, 1990) .
Aegialiini and Aphodiinae share apomorphic character states of the mouthparts (Nel & Scholtz, 1990 ), male genitalia (d 'Hotman & Scholtz, 1990a) , spiracles (Ritcher, 1969) and chromosomes (Virkki, 1967) . Aegialiini also share many characters with Aulonocnemis, such as the shape of the wings (Balthasar, 1942) , the shape of the male genitalia (d 'Hotman & Scholtz, 1990a) , larval morphology (Paulian & Lumaret, 1974) , the general type of mouthparts (Scholtz, 1990) , and food preferences and habits (Stebnicka, 1985) .
Despite the lack of apomorphies which distinguish Aulonocnemis from Aphodiinae, and the lack of any reliable synapomorphies between Aegialiini and Aphodiinae, both Stebnicka (1985) and later Cambefort (1987) consider aegialiines to be intermediate between 'Aulonocneminae' and Aphodiinae. No wing articulation characters were found to support such a relationship. Therefore, we agree with Scholtz (1990) that Aegialiini is more correctly placed as a tribe of Aphodiinae.
'Aulonocneminae'
This is a small, poorly defined subfamily of four genera comprising about fifty species, which occur mainly on Madagascar but also on other Indian Ocean islands, and in southern Africa. An Aulonocnemis larva was described by Paulian & Lumaret (1974) . Adults are thought to be saproxylophagous (Cambefort, 1987) . Because only two species of Aulonocnemis were available for this study, we felt that our discussion of phylogenetic placement of 'Aulonocneminae' should be restricted to Aulonocnemis alone.
The diagnosis of 'Aulonocneminae' is virtually the same as that of Aphodiinae (see below). Only a single derived character state separates Aulonocnemis from Aphodiinae, namely the presence of single apical spur on the hindtibia (Stebnicka, 1985) , a convergent character state which is similarly used to separate Leptohoplia (Rutelinae) from Hopliini (Melolonthinae) (Howden & Hardy, 1971 ).
Many workers have regarded Aulonocnemis to be more closely related to Aegialiini than Aphodiinae (Stebnicka, 1985; Cambefort, 1987; d'Hotman & Scholtz, 1990a; Nel & Scholtz, 1990 ). This was not supported in this study.
Aulonocnemis displays some apomorphic character states in common with Eupariini and secondarily with Psammodiini (both are derived aphodiine tribes) which are lacking in Aphodiini (a primitive aphodiine tribe) and Aegialiini. These include an elongate body shape, the antero-median area of the pronotum strongly elevated, a very small scutellum, middle and hindtibia flattened and without transverse carinae, and pygidium with transverse carinae. Similar synapomorphic character states prompted Koshantschikov (1913) to place a genus of 'Aulonocneminae', Dialytoderus, in Eupariini. Despite this seemingly clear distribution of non-wing character state distribution, Aulonocnemis is currently treated as a separate subfamily, 'Aluonocneminae', and considered to be most closely related to Aegialiini (Stebnicka, 1985; Cambefort, 1987) . Aulonocnemis does not display any autapomorphic wing articulation character states, but does share eight derived wing articulation character states with Aphodiinae and Aegialiini, which together form a monophyletic group (see Aphodiinae below). The similarity shared between Aulonocnemis and Aphodiinae makes it desirable to place Aulonocnemis within Aphodiinae, probably within Eupariini. Furthermore, as Koshantschikov (1913) placed another 'aulonocnemine' genus, Dialytoderus, within Eupariini, it may also be desirable to © 1998 Blackwell Science Ltd, Systematic Entomology, 23, 307-326 provisionally place the two remaining 'aulonocnemine' genera in Aphodiinae.
Aphodiinae
Aphodiinae is a large cosmopolitan subfamily which has usually been considered one of the more primitive scarabaeid subfamilies (d 'Hotman & Scholtz, 1990a; Scholtz, 1990) . Aphodiinae species are small, brown or yellowish beetles. They have the pygidium covered and the hindtibia with two apical spurs. Larvae and adults are mostly dung feeders, but the larvae of some species feed on organic matter in the soil. Although Aphodiinae has long been accepted as the sister group of the Scarabaeinae, there has been some doubt as to the taxa which comprise the former (see above). Many workers have implied or suggested that aphodiines are most closely related to Aegialiini and 'Aulonocneminae' (Stebnicka, 1985; Cambefort, 1987; d'Hotman & Scholtz, 1990a; Nel & Scholtz, 1990 ), a view which is supported by many synapomorphic character states, including those of the mouthparts (Nel & Scholtz, 1990 ), male genitalia (d 'Hotman & Scholtz, 1990a) , spiracles (Ritcher, 1969) , chromosomes (Virkki, 1967) , and wings.
Aphodiinae, together with Aegialiini and Aulonocnemis, display the following eight derived states of the hindwing articulation and wing base: 1Ax -FSc2 extremely small (23:2), neck extremely narrow (26:2), tail distal arch apex strongly curved posteriad (36:1); 2Ax -dorso-proximal lobe posterior margin broadly convex (44:2); 2BP -BMP postero-distal section absent (81:2), BMP-BCuA brace strongly shifted distad (84:2), terminus appears to fuse with the base of CuA (closer inspection shows that the brace posterior curves sharply mesad to fuse with the postero-proximal margin of BCuA) (88:2); and BCuA very strongly shifted anteriad in place of the posterodistal section of BMP (91:2).
Scarabaeinae
Scarabaeinae is a large, cosmopolitan, well defined subfamily that displays numerous derived character states, but is currently considered to be one of the more primitive scarabaeid subfamilies (d 'Hotman & Scholtz, 1990a; Scholtz, 1990) . Most adults and larvae are dung feeders. Adults provision brood chambers and in many instances remain with, and care for, the brood (Halffter & Matthews, 1966; Halffter & Edmonds, 1982) . Many workers have suggested that scarabaeines occupy an intermediate position between Aphodiinae and Melolonthinae, but are more closely related to the former (for example see Howden, 1982) . Many larval and adult character states support this relationship (Howden, 1982) , including those of the mouthparts (Nel & Scholtz, 1990 ) and male genitalia (d 'Hotman & Scholtz, 1990a) .
Monophyly of the Scarabaeinae is supported by the fact that all of the taxa in this subfamily share the following twelve apomorphic character states of the wing articulation: 1Ax -FSc1 is very strongly elevated, long and orientated antero-dorsad over the base of the ventral projection, FSc2 is completely planate, the neck is medially convex, the distal arch of the tail is strongly reduced anteriorly, strongly elongated distally and strongly reduced posteriorly; 2Ax -the posterior section of the dorso-proximal ridge is strikingly enlarged laterad, FM1 ϩ FM2 together with the proximal extension of the 3Ax head are highly modified to form a ball-and-socketlike joint; 3Ax -the antero-proximal section of the head is narrowly enlarged proximally to form a long extension; 1BP -the proximal arch of BR is strikingly enlarged, the distal extension of the proximal arch is strikingly enlarged anteroto postero-distally, the BR embayment is strikingly narrow and falcate; and 2BP -extremely short and narrow.
Orphninae
The Orphninae is a small Old World group with a few genera (Nel & Scholtz, 1990 ). Adults and larvae have been recorded feeding on potatoes and sugar cane (Paulian & Lumaret, 1982) . The Orphninae is a poorly defined subfamily, but there is little doubt that it is one of the more primitive members of the scarabaeid lineage (d 'Hotman & Scholtz, 1990a) . Orphninae have been associated with Hybosoridae (Iablokoff-Khnzorian, 1977; Paulian, 1984) , Ochodaeidae (Blackwelder, 1944; Paulian, 1984) and Aphodiinae and Melolonthinae (Chalumeau & Gruner, 1974) . d 'Hotman & Scholtz (1990a) proposed that orphnines lie phylogenetically near Scarabaeinae and Melolonthinae. They found that the aedeagus resembles that of 'Hopliinae' and several Melolonthinae genera. This subfamily does not display any autapomorphic character states of the hindwing articulation or wing base.
Acoma
Acoma is a small genus which occurs in the western U.S.A. (Howden, 1958; Ritcher, 1969) . Little is known about this genus and females have yet to be found (Howden, 1958) . The diagnosis for Acoma is virtually the same as that of Melolonthinae (see below).
Both Arrow (1912 ( , in Howden, 1958 and Leng (1920) placed Acoma in Pleocomidae. Davis (1924 ( , in Howden, 1958 thought Acoma belonged near Podolasia, whereas Blackwelder (1944) listed it in the tribe Chasmatopterini of the subfamily Melolonthinae. Howden (1958) concluded that the phylogenetic placement of the genus is likely to remain in doubt until the morphology of the family is known. Ritcher (1969) has suggested that Acoma is related to one of the scarab subfamilies, but he does not elaborate. This genus does not display any autapomorphic hindwing articulation or wing base character states, but does share two apomorphic character states of the wing articulation with Melolonthinae, Chnaunanthus, Oncerus, and Hopliini (see Melolonthinae below). It is likely that these taxa together form a monophyletic group.
Chnaunanthus
Chnaunanthus is a well defined genus, based on non-wing characters, of uncertain phylogenetic status, but there is little doubt that it is one of the more derived scarab taxa closely related to Melolonthinae (Horn, 1867; Saylor, 1938; Blackwelder, 1944; d'Hotman & Scholtz, 1990a) . The diagnosis for Chnaunanthus is virtually the same as that of Melolonthinae (see below).
Chnaunanthus was removed from Melolonthinae and elevated to subfamily status based on the position of the abdominal spiracles of the 7th and 8th segments in membrane (Saylor, 1938) , but a re-examination of these by Ritcher (1969) found that the spiracles are actually situated in the lower parts of the tergites. Chnaunanthus is often commonly considered to belong to one of two melolonthine tribes, Chasmatopterini (Leng, 1920; Blackwelder, 1944; d'Hotman & Scholtz, 1990a) , or Melolonthini (Nel & Scholtz, 1990 ). This genus does not display any autapomorphic hindwing articulation or wing base character states but does share two apomorphic character states of the wing articulation with Melolonthinae, Acoma, Oncerus and Hopliini, which together form a monophyletic group (see Melolonthinae below).
Oncerus
Oncerus is a well defined genus, based on non-wing characters, of uncertain phylogenetic status, but there is little doubt that it is one of the more derived scarab taxa closely related to Melolonthinae (Horn, 1867; Saylor, 1938) . Although the diagnosis for Oncerus is virtually the same as that of Melolonthinae (see below), it has commonly been treated as a separate subfamily based on the non-melolonthine position of the abdominal spiracles (Horn, 1867) . Leng (1920) placed Oncerus in a separate subfamily, 'Oncerinae', with Chnaunanthus and many other genera which are currently placed in Melolonthinae. This genus does not display any autapomorphic hindwing articulation or wing base character states, but does share two apomorphic character states of the wing articulation with Melolonthinae, Acoma, Chnaunanthus, and Hopliini which together form a monophyletic group (see Melolonthinae below).
Hopliini
Hopliini is small, ill defined tribe of uncertain phylogenetic status (d 'Hotman & Scholtz, 1990a,b) . This tribe is widespread and is found in the Palaearctic, Nearctic, Neotropical, Oriental and Afrotropical Regions (Hardy, 1977) . Hopliines are usually active by day and use their well developed hind legs and claws to anchor and then to extract themselves from the composite flowers into which they tunnel and feed (Scholtz & Holm, 1985) . The diagnosis for Hopliini is virtually the same as that of Melolonthinae (see below). Only a single autapomorphic character state separates Hopliini from other melolonthines, that is the presence of a pair of abdominal spiracles on the 7th segment in the tergite (Ritcher, 1969) .
Members of this tribe are sometimes considered to be members of Rutelinae (Scholtz & Holm, 1985) or rarely 'Oncerinae' (Leng, 1920) . However, this tribe is more often treated as a member of Melolonthinae (Blackwelder, 1944; Ritcher, 1969; Howden & Hardy, 1971; Hardy, 1977; Scholtz, 1990) . Caveney (1986) found that the structure of the eye is similar to that of Macrodactylus (a primitive melolonthine). Analysis of hindwing articulation and wing base characters did not support such a specific relationship. This tribe does not display any autapomorphic hindwing articulation or wing base character states but does share two apomorphic character states of the wing articulation with Melolonthinae, Acoma, Chnaunanthus and Oncerus, with which it forms a monophyletic group (see Melolonthinae below).
Melolonthinae
Melolonthinae is a very large, diverse cosmopolitan, poorly defined subfamily. However, there is little doubt that it is one of the more derived scarab subfamilies (Yadav & Pillai, 1976; Howden, 1982; d'Hotman & Scholtz, 1990a; Nel & Scholtz, 1990; Scholtz, 1990) .
Melolonthines have been associated with Glaphyridae and 'Oncerinae' (Fowler, 1912 , in Yadav & Pillai, 1976 , Aphodiinae (Yadav, 1973) and Dynastinae (Howden, 1982) . However, Melolonthinae is most commonly considered to be the sister group of Rutelinae or Rutelinae ϩ Dynastinae (Ritcher, 1969; Meinecke, 1975; Yadav & Pillai, 1976; Caveney, 1986; Scholtz, 1990; Lawrence & Britton, 1991) . This subfamily does not display any autapomorphic wing articulation character states but does share the following two apomorphic character states of the wing articulation with Acoma, Chnaunanthus, Oncerus, and Hopliini, which together form a monophyletic group: 1Ax -head antero-dorsal margin very convex (6:1) and the antero-distal surface narrows medially (12:1).
Rutelinae
Rutelinae is a well defined subfamily, based on non-wing characters, and there is little doubt that it is one of the more derived scarab subfamilies (Howden, 1982; d'Hotman & Scholtz, 1990a; Nel & Scholtz, 1990; Scholtz, 1990) . Some Anomalini (Popilla) differ from other rutelines in that the karyotype is 8 ϩ Xy (Scholtz, 1990) .
Rutelinae has usually been associated with both Melolonthinae and Dynastinae (Ritcher, 1969; Howden, 1982;  d 'Hotman & Scholtz, 1990a; Nel & Scholtz, 1990; Scholtz, 1990) . However, from the common tree, Rutelinae are more closely related to Dynastinae, and Melolonthinae the sister group of this lineage (Meinecke, 1975; Howden, 1982) . This subfamily does not display any autapomorphic hindwing articulation or wing base character states but does share five apomorphic character states of the wing with Dynastinae, its sister group.
Dynastinae
Dynastinae is a well defined subfamily, based on non-wing characters, and there is little doubt that it is one of the more derived scarab subfamilies (Howden, 1982; d'Hotman & Scholtz, 1990a; Nel & Scholtz, 1990; Scholtz, 1990) . Dynastinae has usually been associated with Rutelinae (Ritcher, 1969; Howden, 1982; d'Hotman & Scholtz, 1990a; Nel & Scholtz, 1990; Scholtz, 1990 ). This subfamily does not display any autapomorphic hindwing articulation or wing base character states but does share the following five apomorphic character states of the wing with Rutelinae, its sister group.
Trichiinae and Osmoderma
Trichiinae is a poorly defined subfamily of uncertain phylogenetic status (d 'Hotman & Scholtz, 1990a; Nel & Scholtz, 1990 ). This is a medium-sized group with cosmopolitan distribution (Nel & Scholtz, 1990) . Adults are usually flower or sap feeders. Larvae feed on decaying plant material (Nel & Scholtz, 1990) .
Trichiinae (in this context including Osmoderma) is most commonly associated with Cetoniinae and Valginae, as either a cetoniine tribe (Leng, 1920; Ritcher, 1969; Caveney, 1986; Scholtz, 1990) , or a separate subfamily (Blackwelder, 1944; Howden, 1968; d'Hotman & Scholtz, 1990a; Nel & Scholtz, 1990 ). Trichiinae, with what was supposed to be its sister group, Valginae, is considered to be more primitive than Cetoniinae (Krikken, 1984) .
Trichiinae have abdominal spiracle pair 1-3 in the pleural membrane and 6-7 in the sternites and six ovarioles per side (both primitive states). Osmoderma has abdominal pairs 1 and 2 in the pleural membrane and 3-6 in the sternites, whereas cetoniines have pairs 1-3 in the membrane and 4-6 in the sternites (all derived states) (Ritcher, 1969) . Osmoderma, cetoniines and valgines have twelve ovarioles per side (the derived state) (Ritcher & Baker, 1974) . The evidence indicates that Trichiinae is a polyphyletic subfamily with Osmoderma as a separate group, perhaps the sister group of Cetoniinae, and the remainder of Trichiinae the sister group of Cetoniinae (including Osmoderma) ϩ Valginae.
Osmoderma displays the following nine autapomorphic hindwing articulation and wing base character states: 1Ax -ventral projection very short, concavity strongly shifted dorsomesad past the base of the ventral projection on the anterior surface of the head (20:3R) with the apical ridge weakly reduced (21:2R); 2Ax -subalare tendon attachment point strikingly enlarged; 3Ax -head moderately deeply concave (58:2R), antero-dorsal margin convex (59:0CR and 60:1C), anterior margin strikingly bi-lobed, embayment weak (62:1R); and 1BP -BScA broadly ovoid (71:1CR). Osmoderma shares two autapomorphic hindwing articulation character states with Cetoniinae with which it forms a monophyletic group (see Cetoniinae below). Trichiinae displays only a single autapomorphic hindwing articulation character states: 1Ax -tail distal arch apex narrowly digitate, very weakly posterodistad (37:2C).
Cetoniinae
Cetoniinae is a well defined subfamily that displays several derived character states. It is commonly considered to be one of the more derived scarab subfamilies (d 'Hotman & Scholtz, 1990a; Nel & Scholtz, 1990; Scholtz, 1990) .
Cetoniines were once placed in Rutelinae (Leng, 1920) but are now most commonly regarded as the sister group of Rutelinae and/or Dynastinae (Ritcher, 1969; Meinecke, 1975; Howden, 1982; Caveney, 1986 ; d 'Hotman & Scholtz, 1990a; Nel & Scholtz, 1990; Scholtz, 1990) . Krikken (1984) considers Trichiinae ϩ Valginae to be the primitive sister group of Cetoniinae, and Rutelinae ϩ Dynastinae the sister group of Trichiinae ϩ Valginae ϩ Cetoniinae. Although there is no doubt that Cetoniinae, Trichiinae and Valginae are very closely related, there is some question as to the rank of these taxa.
Cetoniinae share the following two autapomorphic hindwing articulation character states with Osmoderma, with which it forms a monophyletic group: 1Ax -head postero-proximal margin strong but narrowly enlarged (7:3) and the ventral projection weakly curved anteriad (18:2). Cetoniinae (including Osmoderma) share two autapomorphic character states of the hindwing articulation and wing base with Valginae (see Valginae below). Cetoniines display only a single autapomorphic wing articulation character state: 1Ax -tail distal arch apex narrowly digitate, very weakly postero-distad (37:2C).
Valginae
Valginae is a well defined subfamily, often considered to be the most derived scarab subfamily (d 'Hotman & Scholtz, 1990a; Nel & Scholtz, 1990) , with 265 species in thirtyone genera (Krikken, 1978) . This subfamily is widespread, occurring all the major zoogeographic regions except the Neotropics (Krikken, 1978) . Most adults are usually small flower-visitors feeding on nectar and pollen (Krikken, 1978) , but others are associated with termites (Scholtz, 1990) . Larvae feed almost exclusively on decomposing vegetable debris, although some groups occur in termite nests (Scholtz, 1990) .
Valgines differ from Cetoniinae in non-wing characters in that the larvae do not have maxillary and mandibular stridulatory areas. Valginae are the sister group of the Cetoniinae (including Osmoderma), with which they share the following two autapomorphic character states of the hindwing articulation and wing base: 1Ax -ventral projection base to terminus convex (19:3); and 1BP -BScA rectangular (71:2C).
Monophyly of the Valginae is supported by the fact that all members of this subfamily display ten apomorphic character
